ABSTRACT: In this Article, our previously developed ambient LESA-MS methodology is implemented to analyze five types of thermally treated meat species, namely, beef, pork, horse, chicken, and turkey meat, to select and identify heat-stable and species-specific peptide markers. In-solution tryptic digests of cooked meats were deposited onto a polymer surface, followed by LESA-MS analysis and evaluation using multivariate data analysis and tandem electrospray MS. The five types of cooked meat were clearly discriminated using principal component analysis and orthogonal partial least-squares discriminant analysis. 23 heat stable peptide markers unique to species and muscle protein were identified following data-dependent tandem LESA-MS analysis. Surface extraction and direct ambient MS analysis of mixtures of cooked meat species was performed for the first time and enabled detection of 10% (w/w) of pork, horse, and turkey meat and 5% (w/w) of chicken meat in beef, using the developed LESA-MS/MS analysis. The study shows, for the first time, that ambient LESA-MS methodology displays specificity sufficient to be implemented effectively for the analysis of processed and complex peptide digests. The proposed approach is much faster and simpler than other measurement tools for meat speciation; it has potential for application in other areas of meat science or food production.
M
anufacturers are required to correctly label food products. Appropriate and authentic information is a vital link in ensuring the safety of the food chain, especially in the case of processed food, where it is often difficult to confirm the nature and proportion of constituents. Consumer awareness of food adulteration is continually increasing thanks to the publicity of the cases of fraud detection, such as the recent substitution of horse meat for beef in Europe. In the case of meat products, adulteration most frequently refers to the substitution of meat of high quality by less valuable components. Apart from economic reasons, adulteration of meat products is a problem for moral and religious reasons, as well as the potential danger of serious allergic responses to meat proteins. It is well-established that certain individuals can develop an immune response to proteins, such as serum albumin, actin, myoglobin, and tropomyosin, derived from specific animal species (e.g., bovine, pork, or chicken meat) and that thermal treatment does not reduce the allergenicity of these proteins.
1,2 Therefore, new, robust, rapid, and effective authentication methods require development to ensure the accuracy of food labeling and the security of the food safety system. 3 The ability for a rapid analysis is a crucial issue in the case of nondurable food products.
Many proteomic and genomic methods for species identification have been developed since the mid-1980s. Electrophoretic techniques, enzyme-linked immunosorbent assays (ELISA), mass spectrometry (MS), and polymerase chain reaction (PCR) techniques have been employed. 4, 5 However, the application of these established methods to routine analysis of complex and processed products is not always possible and can be ineffective. Electrophoretic techniques are expensive, time-consuming, and only semiquantitative. Enzymatic methods are sensitive but there are also some severe limitations such as cross-reactivity between species and the susceptibility of the conformational epitopes because of processing effects (e.g., heating). PCR tests are most often used for meat speciation but suffer from time-consuming extraction methods and with a severe limitation as a result of potential contamination of DNA from other organisms. Recently, chemometric analyses using mid-infrared spectroscopy (MID-FTIR) and Fourier transform Raman spectroscopy (FTRaman) have been suggested as a means to discriminate tissues in minced meat mixtures. 6, 7 However, these techniques have not been tested on processed meat products. Chemometric approaches investigate the variance in the chemical composition of the tissue (e.g., content of amino acids, glycogen, fatty acids, and water) and therefore its successful application to complex and processed food matrices is potentially difficult.
Processing conditions, especially high temperature above 100°C , affect the protein and DNA structure resulting in considerable denaturation of proteins and degradation of DNA. Thus, detection and quantification of meat species in processed samples using real-time PCR is affected by the temperature and size of the amplified DNA fragment. 8 However, the primary structure of proteins is relatively resistant to processing, for example, it is known that proteins survive better than DNA in archeological and heated samples. 9 In our previous work, using traditional proteomic techniques, we noted that in muscle some proteins were only minimally degraded following heating/processing, which enabled us to observe interspecies patterns of specific proteins from various processed meat products. 10, 11 Meat proteins thus show robustness to heating and processing and hence have good potential to be used as markers in food authentication. Recently, liquid chromatography−mass spectrometry techniques (LC-MS) have been applied to species identification of fish and meat species on the basis of peptides derived from parvalbumins, 12 bone collagen, 9 and skeletal muscle and sarcoplasmic proteins, 13, 14 as well as to identify soybean proteins markers to monitor the addition of soybean protein isolate to meat products. 15 We propose the use of ambient MS for the detection of peptide markers of cooked and processed meat proteins due to its rapid nature and minimal requirement for sample preparation.
Ambient MS techniques have potential for high-throughput screening of food samples because of their ability to operate at atmospheric pressure, and therefore they allow for rapid detection of compounds directly from a biological surface. One of the recently introduced ambient MS techniques is liquid extraction surface analysis mass spectrometry (LESA-MS), a chip-based nanoelectrospray technique, which involves the formation of a liquid/surface microjunction by dispensing an extraction solution on the surface of the sample. 16 To date, only a few proteomic applications of LESA-MS have been reported, for example analysis of hemoglobin variants from dried blood spots 17 and direct analysis of brain tissue sections for protein identification. 18 Previously, in our laboratory, mixtures of standard proteins deposited onto a polymer surface have been investigated using ambient desorption electrospray ionization (DESI-MS) and LESA-MS. 19, 20 In the latter paper 20 LESA-MS was shown for the first time to identify skeletal muscle proteins in raw meat digests, and consequently, five meat species were individually discriminated using our methodology.
Having shown the potential of ambient ionization techniques for direct identification of skeletal muscle proteins and discrimination between species, we now wish to evaluate the applicability of LESA-MS in more advanced proteomic applications such as rapid detection and identification of peptide markers derived from thermally treated (cooked) meat species. In this Article, we present the development of LESA-MS methodology for rapid detection of heat stable peptide markers for five meat species, cattle, pig, horse, chicken, and turkey. Raw and cooked meat samples of whole meat digests, dried, and desorbed directly from a polymer surface are evaluated for selection and identification of specific peptides without the need for time-consuming sample preparation and LC-MS analysis. We examine the possibility of identification of markers specific to both animal species and skeletal muscle, those easily detectable after thermal denaturation. Subsequently, mixtures of cooked meat species are analyzed using multivariate data analysis and LESA-MS/MS to assess the sensitivity of the method.
■ MATERIALS AND METHODS
Materials. Water, acetonitrile, formic acid, and dithiotreitol (DTT) and iodoacetamide (IAA) were purchased as MS grade from Sigma-Aldrich (Gillingham, UK). Ammonium bicarbonate was purchased from BHD Chemicals (Poole, UK). Sequence grade modified trypsin was bought from Promega (Southampton, UK). Meat samples of five species, namely, cattle (Bos taurus), horse (Equus caballus), pig (Sus scrofa), chicken (Gallus gallus), and turkey (Meleagris gallopavo) were examined in the present study. The samples of longissimus muscle or pectoralis muscle (poultry) were purchased locally. Samples of about 5 g were cut from the raw and cooked meat and kept at −80°C until further MS analysis.
Tissue Preparation. Washing, digestion, and mass spectrometry analysis have been performed according to our procedure described previously 20 with minor changes. Meat slices of about 25 mm in thickness were wrapped in aluminum foil and heated in a dry oven at 160°C for 30 min. Samples of about 5 g were cut and stored at −80°C. Preparation for LESA analysis of meat samples involved further washing procedures followed by digestion. For this purpose, thin raw and cooked meat sections were transferred to glass vials and washed to remove contaminants, such as physiological salts, fat, and other soluble low molecular weight compounds according to Aerni et al. 21 with modifications as described here. Slice of tissue (0.5 g) was rinsed twice for 30 s in ethanol/water (70:30), followed by a 15 s wash in ethanol and then by a 30 s wash in methanol/ water (90:10). Tissue then was rinsed for 2 × 30 s in deionized water, and finally for 30 s in 100 mM ammonium bicarbonate. Washed sliced were placed to dry for 30 min in a desiccator.
Preparation of Meat Mixtures. Meat mixtures were prepared from washed and dried cooked meats. Samples containing two meat species were prepared by weighting respective amounts of meat to obtain beef samples spiked with 10%, 5%, and 1% of other species. A total of 10 mg of mixture prepared from beef and 1, 0.5, and 0.1 mg of horse meat or pork, chicken, turkey meat was weighed in a 1.5 mL Eppendorf tube and was subjected to the process of digestion.
In-Solution Digestion. Dried raw and cooked meat (0.5 mg) were rehydrated in 100 μL of water; 0.25 M DTT was added as a reducing agent and incubated for 1 h at 56°C and further alkylated by addition of 0.25 M iodoacetamide (IAA) and incubated in the dark for 30 min at room temperature. The excesses of DTT and IAA were removed by filtration using 3 kDa Amicon Ultra-0.5 centrifugal filters (Millipore Merck KGaA, Darmstadt, Germany), followed by washing twice with water. The concentrated sample was digested in a solution containing 0.05 μg/μL of trypsin in ammonium bicarbonate at room temperature over a period of 24 h. Digested solution was then centrifuged for 10 min at 13400 rpm, and the supernatant was diluted 10-fold and 100-fold with deionized water. Samples of 1 μL were spotted onto a Permanox slide, 75 × 25 mm (Nunc, Thermo Fisher Scientific, Rochester, NY, USA) and Analytical Chemistry allowed to evaporate in air at room temperature prior to analysis. Samples of meat mixtures were not reduced and alkylated since we planned to focus on readily detectable peptides, and to have a simple preparation procedure. Mixtures of 10 mg were directly rehydrated in 100 μL of water and subsequently digested in a solution containing 0.083 μg/μL of trypsin in ammonium bicarbonate.
LESA Mass Spectrometry. The LESA source was a TriVersa NanoMate (Advion, Ithaca, NY) coupled to a Thermo Fisher LTQ Velos ion trap mass spectrometer (Thermo Fisher Scientific, San Jose, CA) operated in positive-ion electrospray ionization mode. The NanoMate platform operated at nanoESI tip voltage of 1.6 kV, with a gas pressure of 0.4 psi and a capillary temperature of 190°C. The same spray/extraction solvent acetonitrile/water/formic acid (50:50:1) was used in all LESA experiments. Total solvent extraction volume was 5 μL, dispensed and aspirated volumes were 3.5 and 3.2 μL, respectively. Each data set was collected from a single protein spot. MS data were collected in full scan mode (m/z 400− 1000), 1 microscan, 100 ms max injection time, AGC mode on. Data-dependent analysis (DDA) mode as well as standard MS/ MS experiments were used for the analysis of all samples. DDA tandem MS/MS data were collected in full scan mode with m/z range of 50−2000 divided into four segments (m/z 60−600, 550−1050, 1000−1550, and 1500−2000). Collision-induced dissociation (CID) experiments were performed at a normalized collision energy of 38%. Data were analyzed using Xcalibur software (Thermo Fisher Scientific) and overviewed using Progenesis MALDI software (Nonlinear Dynamics Limited). For protein and peptide identification raw files were converted to MASCOT generic format using MSCON-VERT provided by the ProteoWizard project (http:// proteowizard.sourceforge.net/tools.shtml). The resulting files were searched via MS/MS ions search using MASCOT against the SwissProt and the National Center for Biotechnology Information (NCBInr) databases with following parameters: trypsin enzyme, taxonomy mammals, bone vertebrates for samples containing poultry, one missed cleavage, peptide mass tolerance of 1.2 Da, MS/MS tolerance 0.6 Da, carbamidomethylation of cysteines and variable oxidation of methionines, peptide charge 1+, 2+, and 3+. All samples were analyzed at least in three technical replicates. In order to calculate the charge and exact mass of species-specific ions further MS experiments were carried out using a high resolution Thermo Fisher Exactive Orbitrap mass spectrometer in full scan mode (m/z 400−1000), 1 microscan, 1000 ms max injection time, resolution 100 000 and AGC 500 000.
Multivariate Data Analysis. Data were analyzed as described previously. 20 The raw MS data files of cooked meats and mixtures in-solution digests were imported into SpecAlign (Cartwright Group, PTCL, University of Oxford, UK) for data processing involving normalization and spectral alignment. Processed spectra were imported for multivariate data analysis (SIMCA-P version 13.1, Umetrics, MKS Instruments Inc.). The preprocessed data sets were initially overviewed using principal component analysis (PCA-X, unsupervised) to detect outliers in a model and subsequently analyzed using supervised orthogonal partial least-squares discriminant analysis (OPLS-DA) to create a model to enhance interpretability.
■ RESULTS AND DISCUSSION
Differentiation between Cooked Meat Species Using Multivariate Data Analysis. LESA-MS parameters, which were optimized previously for raw meat, 20 were tested on cooked meat samples. LESA-MS was applied directly to the dried meat digests on Permanox slides. Average mass spectra of cooked meats with a full m/z range are presented in Figure 1A .
Differences in ions and intensities between typical mass spectra within 550−700 m/z range obtained from five cooked meat species are shown in Figure 1B . As reported previously 20 LESA generated complex mass spectra similar to nanoelectrospray spectra (nano ESI-MS) for both raw and cooked meat digests where mostly multiply charged peptide ions were observed. To differentiate between the five types of cooked meat simultaneously, multivariate data analysis was applied to all data sets collected from whole meat digests (Figure 2 ). Unsupervised PCA was initially performed and was able to discriminate the cooked meat samples with the first four PCA components providing 95% of the total variance (Figure 2A) . Subsequently, supervised multivariate data analysis was applied using OPLS-DA for the same data sets and although no further We also evaluated LESA-MS for the direct analysis of thin slices of meat using in situ tryptic digestion. It is a potentially desirable approach for high-throughput analysis because sample preparation would be limited only to the process of digestion, which would radically speed up time of analysis. Although it was possible to achieve similar results compared with the insolution digestion described earlier, we found that the nano-ESI chip nozzles in TriVersa NanoMate instrument, which are of internal diameter of 5 μm, became blocked during spraying, and a flow of the infused analyte to the mass spectrometer was disrupted after 15−20 s due to the presence of larger particulates on the digested surface. Possibly due to the fibrous structure of muscle tissue we were unable to overcome this problem and hence we found the in situ approach to lack suitable robustness and reliability. Therefore, we decided to evaluate in-solution digest methodology and we found this approach comparatively robust and rapid and thus competitive to LC-MS based methods. We were able using our optimized in-solution digest LESA-MS methodology to identify heatstable peptide markers and then to investigate the discrimination of mixtures of cooked meat.
Identification of Heat Stable Peptide Markers with Peptidomic Data-Dependent Tandem LESA-MS. Having demonstrated that cooked meats could be discriminated by direct surface analysis of digests using LESA-MS the next stage was to select and identify peptide markers specific to processed skeletal muscle protein and animal species. Tryptic digests of Figure 2 . Differentiation between cooked meat species using LESA-MS in the range of m/z 400−1000, n = 50; (A) PCA-X score plots; (B) OPLS-DA score plots. B, beef; H, horse meat; P, pork; C, chicken meat; T, turkey meat. raw and cooked meat were prepared as previously described and examined using LESA coupled to DDA MS/MS with identification of peptides by MS/MS ions using MASCOT searching. As a result of the DDA experiment, at 1% of a false discovery rate (FDR) for identity and homology threshold, it was possible to identify 10 to 15 proteins in the digest depending on the sample. In general, the same skeletal muscle proteins were identified as for raw meat, 20 such as myosin heavy chains (MHC) and myosin light chains (MLC), actin, tropomyosin, myoglobin, but sequence coverage was lower in the case of cooked meat.
The number of identified proteins was lower in cooked meat (15) compared with raw meat (29), with sarcoplasmic proteins mostly responsible for the reduced level of proteins in cooked meat. The MASCOT output scores for MHC and MLC for each species are shown in Table S1 (Supporting Information).
In the absence of a species-specific sequence in the NCBI database, proteins were classified to the most closely related species (e.g., turkey and chicken).
Although thermal denaturation does not affect the primary structure of proteins, it causes loss of their solubility and protein aggregation. 22 The lower sequence coverage observed in our complex cooked meat digests seems to be caused by the insolubility of protein aggregates due to the conformational changes of proteins during thermal treatment, resulting in reduced digestion efficiency. Chemical denaturants such as urea, thiourea or guanidine hydrochloride can increase the efficiency of digestion; 22 however, we decided to avoid adding any agents which would suppress the electrospray signal. Our intention also was to keep the procedure as simple as possible so as not to compromise analytical throughput of the method. The aim was to identify easily detectable peptides, which were stable to heat-induced denaturation (termed "heat stable peptides") to directly address the needs of meat authentication in complex processed products. Hence, a selection of heat stable and unique peptides was made based on the results of the MASCOT searches based on spectral data from DDA MS/MS analysis of raw and cooked meat digests.
We focused mostly on the identification of the most abundant proteins as potential species and quality markers (MHC, MLC1/3f, MLC 2f, and myoglobin) to take advantage of the specificity of the LESA-MS method and to provide a stable and robust basis for authentication. Identified tryptic peptides in FASTA format were searched against nonredundant protein sequences using the protein BLAST alignment research tool and blastp algorithm for protein and species specificity. Table 1 presents 23 heat stable peptide markers identified with significant MASCOT scores that are unique to species and muscle protein. A list of all 80 peptides identified in this study using the DDA tandem LESA-MS for raw and cooked meat is presented in the Supporting Information (Table S2) . Included in these are species-specific peptides derived from sarcoplasmic proteins, such as beta-enolase, glyceraldehyde-3-phosphate dehydrogenase, myoglobin, and peptides from myofibrillar as well the more abundant MHCs and MLCs.
MHCs existing in various isoforms can express diversity even within muscles of the same organism. Therefore, having performed BLAST search for peptide specificity, we found some previously identified MHC peptides that were not absolutely skeletal muscle-or species-specific. Some of them are shared with other cardiac, perinatal or embryonic isoforms of the same species and/or can be found in MHC isoforms of related species (e.g., sheep, goat, duck, or turkey). However, because these peptides are not present in slow isoforms, they were not excluded from our study; the full list of 80 peptides being of interest is presented in the Supporting Information (Table S2 ). In our opinion, these MHC peptides have the potential to serve as auxiliary markers of product quality since they would help to discriminate between fast and slow muscle isoforms and skeletal and smooth muscles, thereby likely between high and low quality meat components. The term "meat" means the skeletal muscles of mammal and bird species including the diaphragm and the rumen, thus the capabilities of distinguishing between skeletal and smooth muscles in a meat product would give us a quick answer about the quality of applied ingredients. Further, when quantification methodology has been developed, we would get a quick answer on how much meat is in the meat product. However, this hypothesis needs to be verified in the future. Figure 3 shows an average MS/MS scan of the cattle and myosin-1 unique peptide 1254 ALEDQL-SELK
1263
. Fragmented peptide specific to skeletal myosin 1272 LINDLTTQR 1280 but not to species (it can be found also in skeletal muscle of sheep, goat and rabbit) is presented in Figure  S1 (Supporting Information).
LESA-MS Analysis to Distinguish Mixtures of Cooked Meats: Horse, Pork, Chicken, and Turkey in Beef. To assess the percentage limit of detection (LOD) of the method, we examined two-component mixtures consisting of cooked beef and the second species, pork, horse, chicken and turkey meat at concentration of 10%, 5%, and 1% (w/w). First, LESA-MS analysis was performed to discriminate between the meat mixtures using MVA. Average mass spectra obtained from insolution digestion of meat mixtures desorbed from a polymer surface are shown in Figure 4A . We observed excellent differentiation between the mixtures at three concentrations using PCA-X and OPLS-DA multivariate data analysis ( Figures  4B and 4C) , the first three PCA components displayed 61% of the total variance for data sets collected from beef spiked with 10% of the second meat species. OPLS-DA gave a good model even for mixtures differing in 1% of meat with 27% of the predictive variation and R 2 = 0.986 and Q 2 = 0.925. Having obtained good initial results within MVA models, all mixtures were analyzed subsequently for species marker peptides using LESA-MS/MS. For the assessment of the LODs, we focused on the most intense heat-stable peptide ions selected previously using DDA. Of the 80 specific ions (presented in Table S2 , Supporting Information), which were selected for sequencing with LESA-MS/MS, 15 were detected in our mixtures. Results concerning peptide markers found in samples containing 10% (w/w) of species, as well as two chicken markers detected in sample containing 5% (w/w) of chicken meat in the mixture, are shown in Table 2 . Predominantly, MASCOT score was below the identity and homology threshold, however most of the markers were ranked first or second in the list of matched peptides.
To confirm the identities of peptide markers derived from analysis of the meat mixtures, the fragmented spectra were evaluated manually and compared with the spectra of the same parent ions collected from digestion of single meats. Figure 5 shows MS/MS spectra of horse myosin marker 1596 VVETMQ-TMLDAEIR 1609 (818.64
2+
) obtained from cooked horse meat ( Figure 5A ) and from the mixture containing 10% of horse meat in beef ( Figure 5B ). Spectra of chicken myosin marker 1704 VAEQELLDATER 1715 (687.57 2+ ) from chicken meat and the 5% mixture are presented in Figure 6 . Most of the same b and y product ions were observed within the LESA spectra, however of lower intensities because of low concentration of protein in the mixture. When diagnostic peptide was not ranked (Figures S2 and S3) .
Using ambient LESA-MS/MS, we were able to detect 10% of pork, horse, and turkey meat in beef matrix, for chicken meat the limit of detection was 5% (w/w). Two chicken peptides were identified at low concentration of 1% (w/w) ( Table 2 ), but they are not species-specific. The presence of these peptides in cattle myosin embryonic (LYDQKLGK) or cardiac isoform (NALAHALQSAR) and, thus, in small amounts in beef, was probably the reason for their detection in the 99:1 mixture. Interestingly, despite the inability of sequencing of diagnostic peptides from 1% mixture, we obtained good spatial distribution and predictive variation using MVA within the OPLS-DA model ( Figure 4C ) for all data sets. This proves, that the SIMCA-P algorithm has highly discriminating power enabling differentiation based on the small differences in the ion intensities and spectra composition.
In this Article, we have proof of principle that our rapid and easy to use ambient methodology has the potential to be applied to routine analysis of processed meat products. Time of analysis could be shortened to approximately 1 h by the application of microwaves or ultrasonication 23, 24 to reduce the time of digestion process; at present a critical step for the duration of the analysis. This is a big advantage over the more complex and time-consuming protocols based on OFF-GEL 13, 25 or liquid chromatography. 9, 14 On the other hand, the application of LC separation dramatically increases sensitivity, e.g. low amount of 0.5% chicken meat in pork has been detected using OFF-GEL isoelectric focusing followed by LC-MS/MS. 13 Recently introduced method based on multiple reaction monitoring (MRM) enabled detection of 0.55% raw horse meat in beef or even 0.13% unprocessed pork in beef using MRM 3 . 14 However, our method has good specificity, since we were able to detect more unique peptides and among them were some of the same peptide markers which have been reported previously for chicken, pork and horse meat by the use of LC-MS. 13, 14 In our approach, the complex peptide mixture was directly analyzed without any pretreatment or fractionation; therefore, the results are altered by sample complexity and dynamic range of protein concentration, mostly due to high abundance of actin and myosin in muscle fibers. Myosin and actin ionize well, thus likely, they suppressed low-abundance peptide species within the mixture, of which the signal was too weak to exceed the noise threshold and to become well charged. For the reasons above, ambient MS analysis lacks sensitivity compared with the aforementioned LC-MS methods. It is highly probable that implementation of this ambient LESA-MS technique in conjunction with high resolution/accurate mass/MS n mass spectrometry may enhance sensitivity as well as its efficiency in the analysis of less abundant proteins. Our future direction is to implement the LESA-MS methodology to analyze processed products (e.g., sausages, frankfurters, and pateś), as well as to shorten time of entire analysis to approximately 1 h by the application of microwaves to reduce time of digestion.
■ CONCLUSIONS
In this work, a set of heat stable peptide markers specific to species and muscle protein has been identified for by use in our previously developed rapid ambient LESA-MS methodology.
The advantage of this approach, over other proposed peptidomic solutions, is the simultaneous analysis of complex peptide digests after only minimal sample preparation. The procedure involves a washing step to remove salts and excess fats which would interfere with the efficiency of ionization, followed by digestion and then direct ionization of dried insolution digests from a solid surface by LESA-MS. By the application of this approach to peptidomic analysis of thermally treated meat species, we were able to distinguish between cooked beef, pork, horse, chicken, and turkey meat. We have also shown proof of concept that ambient MS can detect meat specific peptides after cooking down to 5% (w/w) of meat mixtures.
We have demonstrated that the proposed method is much faster and simpler than other measurement tools for meat speciation and displays specificity sufficient to be implemented effectively to the analysis of processed and complex meat digests. This peptidomic approach has excellent potential for rapid throughput screening of processed meat products, as well as applications to other fields in meat and food science. We have shown that direct ambient surface MS offers a valuable alternative to the existing methods, such as ELISA tests and more time-consuming PCR tests and LC-MS based methods. 
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